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FOREWORD

This report describes work performed by Pratt & Whitney Aircraft under Contract
DAAJOZ-77.C-0354 for the U. S. Army Aviation Systems Command. The work was accomplished
in the Pratt & Whitney Aircraft Engine Radiography Test Facility located at Middletown ,
Connecticut, during the period April 1977 to January 1978.
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SECTI ON I

INTR ODUCTI ON

A radiographi c examination of a Lvcoming ]~~ .l. -7 I ~ t urhine engine was required in order
to determine certain static and running clearances in the  engine. Radiogr aphs taken o t t  he engine
operat ing at various power levels were needed to eva luate deflection and disp lacement of s tat i c
and rotating hardware ; video fluoroscopy techniques would l)ermit observance of clearance s
during engine transient operation.

‘rhe U. S. Arm y Aviation Sy stems Command ther ef ~re awarded Pratt & Whitney Aircraft a
contract to conduct a radiographic examination ot a  Government-furnished Lycoming T55-L•7 12
engine in the Pratt & Whitney Aircraft  Engine Radiography Test Facility located at Middletown .
Conn ecticut. In addition to pro viding the radiographs and video fluoroscope tapes, Pratt &
Whit n e Aircraft was to prepare a motion picture i l lustrat ing the perations performed during
th e radiographic program. Pratt & Whitney Aircraft would assist the Government in reading the
X-ray images and obtaining measurements from them; however . Army and AVCO -Lycoming
personnel would interpret the actual significance of the findings.

The following sections of this report describe the radiographic examination program carried
out h~’ Pratt & Whi tne y  Aircraft .
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SECTION II

DESCRIPTION OF FACILITY

The Pratt & Whitney Aircraft Engine Radiography ‘rest Fac il i ty consists of a ful ly equipped
engine test stand designed to accommodate eng ines w ith up to 55,tMX) lb thrust.  It incorporates
computerized data reduction and is shielded wi th  concrete ’ so that the radiation levels outside the
engine test stand are kept below the OSHA l imi t s  f~ r X-ray facilities.

The stand is equipped with a Varian Linatr on 2 tKX) . This 8,000,(XX)-e lectron-vo lt X-ra y
machine is capable of delivering an inten sity of 2tX~) rads/minute — a radiation intense enough
to penetrate the largest aircraft engines bu ilt .

‘l’he X-ray head is mounted in a gantr y so that  it can be moved over a wide range ol positions
and angles relative to the engine being tested. Emission of radiation can be pulsed between 84)
~ind 360 pulses per second. ‘I’his permits strohing the X rays against the engine to “freeze ”
movement of the parts. The X rays are aimed with  a laser, and the point of impingement is
readily observed on a closed-circuit television monitor in the contro l room. After penetrating the
engine , the X rays impinge on either a film or an image fluoroscope .

A remotely controlled film transporter, whi ch incorporates a lead-foil intensifying screen ,
automaticall y advances the film. The film transport sequence can be preset in the control room
to allow multiple images to be obtained during an engine transient , producing a movie sequence
of the transient. The film resolution which can be obtained ranges from + (1.003 inch to t 0.008
inch.

Film does not provide real-time images. When real-time capability is needed for diagnostic
purposes, a high-energy image fluoroscope’ is used. This device features a special fluorescent
screen which was developed to achieve high spatial resolution and conversion of X rays to visible
light. This screen utilizes a fiber optic bundle of fluorescent glass having a high index of refraction
and high conversion efficiency. The fiber optic bundle is positioned parallel to the X-ray path so
the X rays impinge on the ends of the optical fibers . This arrangement increases the interaction
of the X rays with the fluorescent material while restricting the scattering of visible light , thereby
preserving the image resolution. A reflective shield on the incidence face further reflects light to
the viewing surface.

Light from the viewing surface of the fluorescent screen is reflected by a mirror to a Cohu
high-resolution , low-light-level Image Isocon television camera that is shielded from the X rays.
The image is viewed on a high-resolution ( 12(X )-line ) television monitor in the contro l room. The
video signal is also recorded on magneti c’ tape ’ and the image is photographically recorded from
a second high-resolution television monitor. The’ magnetic tape is used to record the complete
t ime history of the video image, frame by frame (3() frames i~er second) . ‘l’he overall resolution
possible from this system, under normal operation , is 8 

mils.6
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SECTION III

ENGINE INST A LLATION

A I~ccvc ’r i , inesit  furnish ed l .vc -oin ing l T ~ I. 712 e ’ngiiie No . M$) t o  In ’ in stal led in the
radiograph~- test fa c i l i t y  was rec-eit ed in NI i ( hul t ’ t ccwfl . ( ‘onne’ct ie’ei t on I I  •Ju l 1977 .

c ve’rhead adapter  was de’si gm’d a iid bi b r i m  t i’d I peTal it l i i i  cunt ing the  ‘l’~~c engine ‘a t he
~ ~~ t t a g  .I’I’91) engine ’ hardback in t he’ radiograp hic test s tand .  An exhaust duct was designed and

t a l i r i i at e ’d to carry the  exhaust f r om the  small  I .yc ciming engine in t o  he exis t ing  exhaust ducts .
-‘ 0:11 c r  supply for t he’ wat er  br ake ’ at t ~~~ ft~(j  I n  I he e’ngim’ inle t  was ins t aI led. Al l  t he  moat r ick mid
ins t  r i c i c i e t i t  at  iccn iit’ede’d to ecpe ’rut c’ lie ’ engine we’re In st aIled and adapted to m t  e r f ac e wit  Ii th e
I ,v t i c min g  sel1sc ’r ~~ which were’ incomp atible  w i t h  the  l’rat t & Whit  nev Aircraft  test equipm ent

r i o  f t  utst i t lletl on t he’ t e’st stand - ‘I’Iwse i n c l u d e d  the ’ hvdron it’ master coat rols , t he’ wat er l)rak e
inte ’r ci cnne ct ug cable’s , a 1(XX ) -ani p. 2~ - ~c I t elm St art er , air and volt age’ Sul)p l ics  t i c  t he’ wiete ’r
bra ke’ . al t  ‘Ti ~ tt it  h t he’ ne’cessarv ins t rument  at iOn t o measure’ the  eng ine p erforman ce piir am& ’t en’s

~ c d  in l’a tilt  1. ( i i  m u s t  cast s the  In st ru me’n at ion to measure these engine’ pe rhi rmanme ’
par t tac t t N  i t  in sist e’d ut sensors pri ‘~ ided by I .vcom i ng and readi cut equipment provid ed I
I’ra t t & Whi t  ne’v Aircraft . In the e asy of torque ’ measurements , however , comple’te inst rume’nt a -
ion ~~t si m i t t s  we’re provided by I .ycoming.

In sta l l at ion  of the  engine in t hi’ r adi ci gr aphi c- t e s t  f ac i l i t y  was completed and ready f u r
to begin on 2t Ju ls- 1977.

‘l ’AHI ,E I .  T~~ KN (~lN K  PEIWOR MAN ( ’K PARAMETERS MEASI 1REI) Ifl~R IN ;
RAI )IOG Il:~ lIII IC -i’ i•;si -i \(

(‘umpre’ssor I )ischarge St at it I’ressure 
— -  

Oil ‘l’entp erti t tire ’
Oil l’resseire ’ Gas Tem perat nrc
~V~ te ’r Brake ’ Pressures: Wnterbr ake Temperatures

W at er  in Gas Producer Rotor Speed
c r  out Power Turbine ’ Speed

~Vat e’r to Seal Wat e’rhrake Support Torque
I .ubr it ’ant Engine Torque
~~~ r in Engine Vibrations (3 loe’nt inns )

l”eie’l I ‘ressitre ’ Wat erbrake’ V ibrat ions
Air  In l e t  i’ot al ‘I’e’mper at tire ’s ( I —___________________________________________________________________________
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SECTION IV

TEST PR OGRAM

ENGIN E CONFIGURATI ON

‘I’hree engine configurations we’re’ r adiecgr aplucaII ~- e ’xamin eel . (‘etnf igu rat leul N~’ I teas  I he
standard bill-o f-material  ‘l’5,”~-I. -7 12 engin e ’ L )te t a from t he’ survey of ’ th i s  eng ine ind uc ’ceteel t h at
t he stifThess of’ the ’ f ’i rst nozzle ’ (burner e’~~~it 1 r esulted in a bumpe r gap ecpe’ning etif fe r e ’nt fr ecmn h u t
ant ici pat ed . This bumpe r was designed t e l  t uike’ up t he’ load between the  firs t anti t b ird turbi n e ’
noii Ie’s. I’u e’hange’ this bumpe r gap icpt ’ning. t Wtc mcs~iticat ions we’re made ’ to t he’ engine.

For engine ’ e’onti gura t ietn Nut  2 . a ni t, .’Ii ’ was inst ailed wit  bout a br u it ’ on t he’ inner shr t c cnl
te c give’ it more f le x ibi l i t y  and change’ t lie’ bumpe r gap opening -

For e’ngine configurat ion Nc ’ 3. I he’ st reid urt ’ was shim mccl s~ t h at t he bumpe r gap
re’maine’d opeil at all t lutes

ENGINE OPERATIN G CON DITIO NS

Radutgraph s ot e-ar ic ’us reg iomis in th e ’ e’ngine ’ we’re’ obt ained at the ’ b c l lowing engine
e’ondi t ions:

• ( ‘old Stu i t im In th is  condition , the ’ engine ’ is not running and has not be’en
run wi th in  14 hours .

• H ot St~t t t ’ In this  e’ondit ion , t he’ e’ngine ’ has ust been shut down -

• Stc ’~ ti v-~~t cite ’ In this condition . I he’ e’ng ine ’ is running at a ste ’ieeiv Isiwer
level ( idle , inte rmediate , max imum . or e’mergencv tutw er ) -

• Snap Trunsie ’nt - - ‘l’his transient c’~ c-It ’ is produced by ‘‘snapp inuz ’’ t he’ pctwe’r
lever fro m the idle posit ion t et the ’ max imum pecwe’r pet sit Ion or t ~c the ’
emergency power posit ion , ma in t a in ing  t h~ -i powe’r h’ve’l for one minute ’ . anti
hen snapping the power lever hat -k t cc the idle ’ posit ion - During each of 1 he’se’

cycles , eight radiograph ic art’ usuall y t aken

• Slim ‘l’r up i,’cse ’nt - In this cyc le’ , t he’ engine ’ is accelerated trout idle to
emergency power over a period of’ I~0 secon ds. ‘l’his powe’r level is maint  aitied
for (it) seconds , then reduced front  eme’rge’ncv to idle ’ over a pe’rtod ot tO
seconds , after which t he’ engitt e ’ is shut down ( ‘sua l lv . 2-I raeliographs art ’
aken during this cycle ’ .

X-RAY LOCATIONS

Radiographic were’ taken to cover 3:’~ basic regions of inte re st in t he’ eng ine , as deline ’ate ’ei by
A\ ’( ’ ( ) - l . yt ’oming . ‘I’hese regions could be’ c’ove’red 1w X rat s from 2-1 locations since , in many
instances , several of the basic’ re ’gions of’ imi t  crest would appe ’ar t oge’t her in one’ r adiograph -
Howeve r , a few views required slight changes in e’oecr ei inat es to include ’ ade lit t onal iut ~’rmat ion -

Also , some ~ the ’ v iews containing more’ than one area ut inte ’rt ’st required several radiograph ic
taken at dit~ercnt exposure times t el ac’hie ’~ e’ the ’ prope r c- ccitt rast for max imum accura cy in
extra cting data.

8
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l’hi’ radi ,igra~chs tt t ’Th ’ iiht tiiite ’d bc posit o c n i i t i ~ t hi ’ \ r at  si’ui it c ’ ‘ii c’ i i c - “ cu t ’ ‘‘ I  t h e  e ’t i t ~t I i c
t h at  t he’ \ ray s ~ ccc ild pass t hrough t l t e ’ ‘ u ’g tu c i i s  e c f iut t’r c’st tu tu t i i i ~ ’ i i i ~~i ’ c c i i  I lie ’ t i l n i  ~s” -ii  mcmi ii ~‘ti
I he’ opposite’ st ile ’ it t t he engine ’ - Fbi ’ N ra ts  cc e’r e’ ceitm ’d lit a hti ” e ’r  hea tic cc tac It t i i eh te ’ :lt i’d t lit ’ ~si I I I I

011 11111 ge’ nit e’iut  uifl t he’ c’irc’u mt ’e’re’nce’ of I he e’ng t i l t ’

mat e” fktr te cu c it  t he’ radmog rum~chs were ’ t t .kec t  eci t  l i t  1w 1511111 of t iu ipt n gt’ mc’iil  a t t ) ch’gree’s
cmii w i t h  the N rat head aimed h ecri tec nt aII ~ 85 ‘.h i .te ii in Fi gure’ 1 Nuuie ’ r eccis r auii ’’ u ~r cip lts CC cii’
also taken wit h the point c it impingt ’me’nt u t  1811 degn’e’s as shown iii Figure’ 2. \ i uc  mmnptugi ’miue ’ut
siint above the e’ngtne ’ centerl ine ’ was called ‘ ‘0 degrt’ t’s ’’ . any point lte ’Iecw the  e-e ’u t i ’r litue ’ tea s

e’celleel ‘‘1811 degrees . ’’ For the most par t , th ere ’ ctzis nit sig it ifie ’aitt c u t  Ier e’ne ’e’ bet cc e’e’ui r athetg r cep hs
ta ken at the ’ top o f t  hi’ engine tend t hose’ t uck en at t he’ hot t i tn i  cit t he’ e’ngiiut ’ a t t he’ Sante ’ .i~~ i al e ’i igcn c ’

ion A fe w ruidttig r cephs we’n’ telso take ’it wit It ( lte ~ I scmn t oh mm ~cenge ’me ’I1t at ~ 1 degree’s t hrenigh
engine e’cnter limte ’ t as shecw n in Figure’ 3

lit some’ siwc’ia l c-test’s, it was ite’cessarc l e t  t i l t  he N - ray head to me ’w ce r t ain  :tre ’Os tit ~l t t
angle. One ’ sue’h case’ was the e-eembu stecr support pins whi c h la y I~i eie’gre’t ’s f r o n t  ce’r t mt ’ti l I ’he’
radiograph ic of these’ pills we’re’ t ake’n w i t h  t he’ N r u t- head t i l t  i’d t~ i de’grt’e’s i t  Itt ’ iie’are’st to 4~i

elegre’es possible clue to eeluipme’nt l imi ta t ions )  as shown in Figure’ -I The’ second c ast ’ re’u~u ui r i i lg
angle shots was the ’ fuel tti c : ,les When e’x1s~~urt ’s teen ’ matte ’ s t ra ight  :uu re~ss th e ’ e’ t i g t l i c . two
iCe ’? t ies we’re’ in alignme ’nt , e’eem ptie ’at lug th e  ie’w ‘I’he’n’t~’re’. ruc e ime ig r ap hic ecf the t~ ie’ f li e’: ft’ s we’re’
ii l ice’ t ake’n w ith  ( hi’ N ra y head t died t~ and 7 - degree’s as shown in l”igemre .“

SUMMA RY OF RADIOGRAPHS TAK EN

During the ’ test progiclin , cc te it tel eit 987 radiograph’u cc e’re’ t ake ’tu t e l permit exictntfl8 t ion ~‘t t In’
~ areas of’ interest - l’he t hree’ eng ine ceinf igurat ionic tend l u t e ’  tipercu t tug c’eindit ic ’t is  we ’r e’

re’pre’iee’nted in these’ raeiieigrsphs . as summar i:e ’eI in ‘l’a hlt’ 2 .

A itiore’ detailed list ing e t C the ’ rccelt ecgra p hs is present eel in the ’ ui ppe ’iidc ~ —

VIDEO FLUOROSCOPY

In cc numbe r cit inst ance’s , the radiographic iuciiu ’uet e el t ha t  real t u l l e ’  ohst ’rvat te nt ci t t he’ engine ’
ope’rcc t ion would be desirable ’ In such c~cse~s . t h1’ image’ tleie irc ~~c’tqs’ ce t is use’el Al l tlueirose’ope’
results we’re’ rec’eirde’d tin video tape ’ . ‘t’he tide ’s ’ t’Iuorose’eipt’ tape ’ ree’e’rde’d e lei r uieg i lte ’ pr ogruent r ei n s
about t hree’ hours ‘I’he’ various e’ng iiee’  L ele ’a t ions whit -h we’re e-ie ’we’ul lit vicie ’ei t lucir e ’sc’opt ti re’ listc ’t .i
in Fable ~ As indi c ’eete’d lu On’ (able ’ , e’ae’h ci t the ’ e’ng ine ’ lt’t ’eit t u n is ce-as cci ’sc ’rve ’d in t hi’ t~ cp isir l ton
, ‘t the e’ugine ’ (N rat impingement at 0- de’grt’e ) . the ’ hot te t! i i  Inir t ie ’it cit t he’ t’iti ~i i1e’ ( \ rat
impiugt ’me’nt cit ISO ele’grt’t’) , or both

RADIOGRAPHIC M EASURE MENT

Although re’s~sins ib i l t ty  for ac’teicc l inte’rPre ’t at t oi l t if t he’ f inelu itgs u t  t h is t’rc i*~r ceIll rested cc it lt
-~rmv anti I .ve’oming pe’rseunni ’l , Pratt & ~ ‘h it  ne ’V Aj r u ’r cm t) proc ided O ssist ten i c ’i’ mu in t le ’r f c re ’t  ta g I h1’
r ceiiuogruu phs te ne t e’xtr ct c’t log me’cmsu re ’nle’nt s trout t he’m

Duri ng the data redue’t liii) phase ’, lt rat t & \~‘hit  net- Air cr aft n’pr-e’se’nt ccl ic-c’s mcciii’ tour t i c  
~~~

t o AVt ‘0 l y e - c c itt  lug le t discuss dime’nsieinal t ibet re ’cueii n g te’ e’h mtic l ue ’s \‘ce r ce ’us me’t he~Iic We’re ’
I st i ntc ’e i nut for deal ing wit le e’Il ipsed , blurred , and supe’riiupose’d image’s Some’ of the’ c% uit tha t
tmpr o pi’r buc c’kg rouml elensit ii’s and inac ’e’ura te’ N ray ) n’cenl cclignm e ’nt mig ht atYe ’s’t t i le ’:is

ure ’ine’nt s we’re’ explained Me’t boils of eie ’ t in i t tg e’etg*”t w i t h  t ratispeire ’nt tape ’ or sti l l  ~ hl e’ c c c
and the uipplit’uction ecf ’ eiitTere ’nt tvpcie of ine ’a sciriIlg u t i s t  ru me’it t s were’ also eie’meinstruct ed i t ,
I t c’u ’I i i lng Iw*sctntiel
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- ------ ‘—‘- ‘ —- --- ——
‘ ‘—— - ~~~~~~~~~~~ ‘-- ~~~~~~~~ ~~~~

‘c---- -—---_ - ~~ w-”’ ‘
~
‘ 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~
- _

~~~~

Gant ry—~, h,

ImpIngement

_____ III
Film Hold er] 

___
Any

~~~

ping e:e

~ 

~~~~

View fr om Front Of Engine

1~~~ 
-

l ’i& ’ur,- I .‘~.-t uq f o r  I’ukc ci ~,’ Rudit~~r ap Its th r eiu ,c~’h T~tp I \c r tc ic ~i of Eii~~c ri ~’

l0

I— ~ — - 
.‘ 

-



Gantry —.,,

© 

Any Im~~ngement

II
J Impingement Head

Film Holder Point

View fr om Front Of Engine

I ”igurc’ 2 ~“~c ’tu/) f or i’uA’inc,’ h’adio~,’raph,s :inructigh B c c t t c e i u  Pcc rt icci,  11/ En,t,’int’

11

L~ _



. ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘4

Gantry— ,.,

_ __ _
1

Film Holder] 

- --- - 
_ __ _

View from Front Of Engine

F ”igur c’ ;? . Setup for  Toking Rci dicigra phs th r ccug h ( ‘c ’nti ’r line if Eng ine

12



‘~~~~~~~‘c-~ t~~~~~ ~~~~~~~~ T~’~S

-

-

- —35 deg

Impingement -,

Po int , 0 deg

— /
-,

— ,

,

Film Gant~
Holder

I ...,
Imping ement 

,, ,/ ~
“ ‘

N

Point , 180 deg
.5’ .

5’

1
I 5’—’/ .5

’

+35 deg 

~~~~~ : ~~~~~~~~~~~~~~~~~~~~~~~

Vi ew fr om Front Of Engine

-

-

Figure 4, Angle Shots Used for Taking Radiograph s of Corn bustor Support Pins - 
-,

13

- -  - - -  - - - ~~ ~~~~
- — -- -— -~~~~~~~~~~~~~~~



- ‘ —~~~~~ —,- -__
~- — ._ - - - _  ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - — —P-

Gantry

~6i/2 deg ._— ‘ t X-Ray
- 

-71/i deg E 
Head

‘

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

: __
~
___f
~
__,__ 

—

View from Front Of Engine

Figure 5. Angle Shots Used for Taking Radiograph ic of Put’! Nuzzles

14

I ,



l—__,—-
~~~~~

•, 
~~~~~~~~~~~~~

TABLE 2. SUMMARY OF RAI)IOGRAPHS TAKEN

Num ber of Radiographs Taken
Engine Condition Configuration 1 Configuration 2 ( ‘onfigur ation 3 Total

Cold Static 29 46 20 95
Steady-State 95 194 31 320
Snap Transient 43 168 133 344
Slow Transient 72 96 56 224
Hot Static 0 2 0 2

Total 239 506 240 985

TABLE 3, ENGINE LOCATIONS VIEWEI) BY
VIDEO FLLJOROSCOPY

Top of Bottom of
Engine Engine

Engine Location (0 dt ’g) ( 180 deg)
Engine Configuration No. 2:

Bumper Gap X N
Combustor Exit , Outer N X
First Nozzle N
Intershaft Clearance N X
Second Compressor Stator N

Engine Configuration No, 3:
Bumper Gap X X
Combustor Exit , Outer X N
First Nozzle N X
Intershaft Clearance N X
Turbine Fourt h Blade Root X
Turbine Fourt h Blade Tip X
Turbine Third Blade Tip X
Turbine Third Blade Root X
Turbine Fourth ~3earing Seal X
Gearbox N
Compressor First Blade Root X
Compres sor Fourth Blade Root X
Compressor Sixth Blade Root X
Turbine First Blade Root X
Turbine Second Blade Roor N
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MOTION PICTURE

In conj unction with the test program a 13-minute color motion picture , wi th  sound , was
prepared.

The first part of the movie shows the test facility —- the X-ray head in motion , the image
fluorr~ cope, the film transporter, the engine test stand, and the control room. ‘I’he narrative
describes the operation of this equipment.

The second portion of the film outlines the reasons for the radiographic examination of the
T55 engine and shows this progra m being carried out. The T55-L-712 engine and its water brake
are shown being installed in the test facility. There are scenes of the control rexi rn and data
reduction room during the test -

The third portion of the film describes the test results, Video fluoroscope tapes converted to
film are shown , together with radiogmphs of ’ the metre significant findings , as selected by Army
personnel. Overlays are provided to make the narrative clearer.

I I
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SECTION V

CONCLUSIONS

The radiographic examination of the T55-L-7 12 engine was stei ’cessfullv completed . The
resulting radiographs and video fluoroscope tapes provided Army and Lycoming Personnel wi th
the data they required for a design review of the engine. The techni ques employed in this program
permitted determination of part clearances and displacements under various engine operating
conditions , providing required information which could not he obtained by more conventional
methods.

-

~
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APPENDIX

RADIOGRAPHS OF LYCOMING T55-L-712 ENGINE

This appendix lists the radiographs of the Lycoming T55-L-7f2 engine taken by Pratt &
Whitney Aircraft . Table A-I lists the radiographs taken of engine configuration No. I: Table A-2
lists the radiographs taken of engine configuration No. 2; and Table A-3 lists the radiographs
taken of engine configu ration No. 3. Each of these tables contains five columns. The differences
in the engine configurations are only in the turbine section ,

The first column identifies the engine location being examined.

The second column identifies the engine operating condition as follows:

CS — Cold Static
SS — Steady-State
SnT — Snap Transient
SIT — Slow Transient
HS — Hot Static.

The third and fourth columns identify X-ray positioning. Column three gives the
impingement point (I .P .) of the X rays on the circumference of the engine in terms of radial angle
as described in Section IV under the heading, “X-ray Locations .” Column four indicates the
angle at which the X rays move from the X-ray head to the impingement point —— in most cases
this angle is 0 degrees, indicating a horizontal path. In other cases, the angle above or below
horizontal is indicated . A negative number of degrees indicates a downward X-ray path , while a
positive number of degrees indicates an upward X-ray path.

The fifth column contains numbers which identify individual radiographs , In some cases the
radiograph number is listed alone (example — 20, 21) . In other cases, a reel number is listed ,
followed by a colon , after which are numbers identifying individual radiographs on that reel
(example — R86: 1 through 8).

18
p



— —--—--—- — 
~~~~~ 

‘—
~~~~~——~~~~~

—-——— ‘——
~~~

— —-——
~~ —-——-~ ~~—

- ——-——-—-—-—- — 
_
~. _ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

‘J ’A IU~E A- I. I I
RAI)IOGRAPHS 01” EN CINK (‘0NI~’l(a ’RATl ON NO. I

X -ray
P ositioning

• X- r ay
Engine !.P. Angle

Engine Location Condition (deg ) ( deg) Radiograph Narn ber,s ’
Compressor Sect ion:

First Stator CS 0 0 20
CS 180 (1 21
SS 0 0 R35: I through I I
SS 180 0 R.~5: 12 through 20

Third Stator (‘S 0 0 19
CS 18() 0 18
SS (1 (1 R.16: I t hrough 8

Sixth Blade (‘S 0 (1 16
CS 180 0 17
SS 0 () R~6: 9 through 16

Im peller CS 0 0 15, 22, 23, 25
CS 180 0 14
SS 0 0 1136: 17 through 24

Turbine Section:

First Blade CS 0 0 1, 2, 13, 24 , 26, 27
CS 180 0 :1
SS 0 0 1128: 1 through 8
SS 0 0 R29: 20 through 22
SS iSO 0 R34: I through 8
SnT 0 0 R29: I through 8
SnT 0 0 R29: 9 through 19
SIT 0 0 R33: I through 24

Third Nozzle CS 0 0 5 —

CS 180 (1 4
SS 0 0 1128: 9 through 16
SS 180 0 R~4: 9 through 16

Third Blade CS 0 0 6
CS 180 0 7
SnT 0 0 R30: I through 8

9 through 16
SIT 0 0 R32: 1 through 24

Fourth Nozzle (Brg 4 & 5) CS 0 0 9, 9A, 913
(‘S 180 0 8, 12
SS 180 0 a’34: 17 through 24
SS 0 0 R28: 17 through 24 —

Fourt h Blade CS 0 0 10
CS 180 (1 11
SnT (1 0 R.i0: 17 through 24 - -

SIT 0 0 1131: 1 through 24
19 H
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TABLE A -2 . I -

RAI )R)GRAPHS 01” EN GINE ( ‘oNFua~HNrloN NO. ~
X-ra y

X-r a y
Eng ine 1.1’, Angle

Engine Location ( ‘ondit ion (de ’g) (deg ) Radiograph Nun * hers
Compressor Section:

Firs t Blade 55 (1 (1 1186: 1 through S
SnT 0 0 1186: 1) through 16

First Stator SIT 0 0 1175: 1 t hrough 24
SnT 0 0 117(3: 1 through 8
Sn’l’ 0 0 1177: I t hrough 8
Sn’l’ (1 0 1178: 1 through 8

Second Blade 55 0 0 1187: I through 8
SnT (1 (1 1188: I thro ugh S

Fourth Blade 58 0 0 1189: 1 throu gh $
SoT 0 0 1189: 9 through 16

Sixth Blade SS 0 0 REX) : 1 through 8
SoT 0 0 1190: 9 t hrough 16

Impeller (‘S 0 0 1180: I through 3
85 (1 0 1191: 1 through 8
SnT (1 0 R9IA: I through 8

Turbine Section:

Firs t Nozzle CS 0 0 37, :18, 39 40
(‘S 180 (1 53
55 0 (1

0
R59: 1 through 8

SIT 0 0 1160: 1 through 24
SnT (1 0 RJS 1163: 1 through S
SoT 0 (1 1168: 1 through S

Firs t Blade CS 0 0 44, -I!~e , 46
CS 180 (1 ~e2
55 0 (1 1157: 17 through 24
58 iSO 0 R59: 17 through 24
SIT 0 0 1162: 1 through 24
SnT 0 0 1185: 1 t hrough $ ‘

SnT 0 0 R66: 1 through 8
SS 0 0 1194: 1 through 8
Sn ’l’ (1 0 1194: 9 through 16

20
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‘r ABLE A -2 .
RAI)IOGRAPHS OF EN (; INE CONFIGURATION NO. 2 (Cont inued )

X-ray
Positioning

X-ray
Engine I ,P Angle

Engine Location Condition (deg) (deg) Radiograph Numbers
Turbine Section (Continued):

Bumper Gap (‘S 0 0 41
CS 180 0 51
SS 0 0 R57: 9 through 16
SS 180 0 R59: 9 through 16
SIT 0 0 1161: 1 through 24
SnT 0 0 R64 : I through 8
SnT 0 0 R67 : 1 through 8
CS 180 0 83

Second Blade CS 0 0 42 , 43
SS 0 0 1158: 1 through 8
SS 0 0 R95: I through 8
SnT 0 0 R95: 9 through 16

Third Blade SS 0 0 R96: 1 through 8
SnT 0 0 R96: 9 through 16

Fourth Nozzle (Brg 4 & 5) CS 0 0 47, 55
CS 180 0 49, 56
SS 180 0 R70: 1 through 8

Mechanical Section:

1-3 Bearing CS 90 0 72: 1 through 3

Second Bearing CS 90 0 1181: 1 through 3

6-7 Bearing CS 90 0 R7 1: I through 3
SS 90 0 1184: 1 through 6

Gearbox CS 180 0 R73: I through 3
CS 180 0 79
SS 180 0 1185: 1 through 8

Intershaft Clearance SnT 90 0 R74A: I through 8
SS 90 0 R74: I through 7

Combustor Section:

Combustor Exit CS 0 0 1182: 1
CS 180 0 R82: 2
SS 0 0 R92: I through 8
SnT 0 0 1192: 9 through 16
SS 180 0 1193: 1 t hrough S
SnT 180 0 R93: 9 through 16
SnT 0 0 1197: 1 through 8
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TABLE A-2.
RAI)IOGRAPHS OF ENG INE (‘ON FIG( IRATION NO. 2 (( ‘ont inued )

X-ray  ‘

Posit ioning
X-ray —

Engine 1.P. Angle
Engine Location Condition (deg ) (deg) Radiograph Num bers

Combustor Section: (Continued )

Combustor Support Pin CS 180 35 1(X) , 101
SS 150 35 102, 103, 104, 105, 106
SS 0 —35 107, 108, 109, 110
HS 1St) 35 I I I

Fuel Nozzle CS 0 0 48, 54
CS 180 0 50
SS 0 0 R~8: 9 through 16
SS 180 0 R69: 1 through 8
(‘S 0 ~~7I~~ 98
CS 0 - 7 ’~ 99
CS 0 — 6 ’ - ~ 112
CS 0 — 7 ’~ 11:1, 114
SS 0 - 6’~ 115 , 116, 117, 118
HS 0 -- 6 ’~ 119

22
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TABLE A-3,
RADIOGRAPH S 01” ENGINE CONFIGURATION NO. :1

X-ray
Positioning

X-ray
Engine I,P. Angle

Engine Location Condition (deg) (deg) Radiograph Num bers
Turbine Section:

First Nozzle SnT 0 0 R 12 1: I throug h S
SS 0 0 127 , 128, 129
SnT 0 0 R130: 1 through 8
CS 0 0 160

First Blade SnT 0 0 R 142: 1 through 8
SnT 0 0 RI43 : 1 through S
CS 0 0 158, 159

Bumper Gap CS 0 0 R120: I
CS 180 0 R120: 2
55 180 0 R120 : :1 through 6
SS 0 0 R120: 7 through 10
SnT 0 0 R120: 11 through 18
SIT (1 0 R122: I through 24
SIT 180 0 R123: 1 through 24
SnT 180 0 R124: 1 through 8
SnT 0 0 RIG5: 1 through II

Second Blade SnT (1 0 R145: 1 through 8
SnT 0 0 RI46 : I through 8
CS 0 0 155, 156

Third Blade SS 0 0 133, 134
SnT 0 0 R148: 1 through 8
SnT 0 0 R149: I through 8
CS 0 0 135, 136 , 152, 153

Fourt h Blade CS 0 0 137
CS 0 0 138, 138A
SnT 0 (1 R139: I through 8
SnT 0 0 RI39A: I throu gh 8
SS 0 0 140
SS 0 0 141
SnT 0 0 11150: 1 through 8
CS 0 0 151
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‘ I’ABI.K A - :I .
RADR GRAPI-I S 01” K N ( ; I N E  (‘ON 1”IG( RA’I’ION No. :~ ( ( ‘ o r i t inucd)

X-ra y
Posit toning

X-ra y
Engine l.P Angle

Engine Location Condit ion (deg) (deg) Radiograph Numbers
Mechanical Section:

1-3 Hearing SS 90 0 11126: 1 through $
CS 90 0 161

Second Bearing SS 90 0 11125: 1 through 6

Second Nozzle Seal SS (1 0 131
(‘S 0 0 157
CS 0 0 162
SnT (1 0 R 144 : 1 through 6
SnT (I 0 144A . 144 H , 144C

Third Nozzle Seal SS 0 0 132
- 

- - SnT (1 0 11147: 1 throug h 8
(‘S 0 0 154

Output Shaft (‘S 90 (1 183
SnT 9() 0 R16-t : I thr ough 12
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